Reunification of Mathematics with Physics

The above discussion clearly points toward an exciting development
taking place right now, reunification of mathematics with theoretical
physics. After the advent of quantum theory in the 1920s, mathemat-
ics and theoretical physics began to move apart. Perhaps physicists
believed that it was impossible to give a complete explanation in the
traditional framework, and still keep sight of the increasingly compli-
cated set of physical phenomena. Mathematicians, on the other hand,
found physics difficult to understand because the foundations were not
treated properly, from their point of view. For whatever reason, each
subject developed a special vocabulary, hard for the specialist in the
other to penetrate. To make matters worse, study of one discipline by
workers in the other was generally discouraged.

Past decades have seen internal unification revolutionize both these
subjects. Mathematicians discovered deep relations between group the-
ory, topology, algebraic geometry, differential geometry, analysis, and
number theory. Meanwhile physicists discovered intimate connections
between particle physics, condensed matter physics, and finally astro-
physics. Twenty years ago a professor of mathematics and a professor
of physics at the same university rarely had scientific contact. Today we
sense excitement as the entire disciplines of mathematics and theoretical
physics are coming together.

To illustrate this phenomenon, we here mention several examples of
current work. Constructive field theory, developed by Glimm, Jaffe, and
others, has resolved much of the fifty-year-old mystery of the founda-
tions of field theory. A new area of mathematics has been created that
provides a general framework, dictated by physics, within which one can
answer the questions. A complete theory, including renormalization, has
been constructed for several quantum field examples. The main reason
that the present answers are incomplete is that these examples simplify
the presumed equations of physics.

From the point of view of the integral functional calculus, quantum
field theory can be regarded as the study of a probability distribution
for classical fields. A generalization of probability theory emerges, with
many new and challenging mathematical aspects. Similar mathematical
problems arise in classical statistical physics. The relation between these
subjects also explains at a fundamental level why phenomena known in
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